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Descrlpti n 

Th invention r lates to a process for ste ping com or sorghum kernels in warm water containing sulfur 
dioxi'd . H reinafter for convenienc w will only mention corn. Steeping of com kernels is the first step in th 

5 processing of com to obtain different product fractions like germs, proteins and starch. In this first step the hard 
corn kernels are steeped to soften them. The kernels absorb water and they swell. At the same time water- 
soluble substances are ieached out of the com and pass into the steepwater. The temperature of the steepwater 
is mostly 40-55°C, The sulfur dioxide which in general is presentfor about 0.2%, breaks the cell wall structure 
and prevents the growth of microorganisms during steeping. The steeping process lasts about 48 hours. All 

10 subsequent steps, in which the different product fractions are obtained, are much shorter. The com steep liquor 
(CSL) obtained is concentrated by evaporation. The product obtained will mainly be used as animal feed but 
also as a nutrient in microbial fermentations. The swollen kernels are further separated in germ, fiber, starch 
and protein fractions in different steps. 

Just like in many other plant seeds phytic acid, the hexaphosphate ester of myoinositol, is present in the 

15 corn kernels. Phytic acid mostly appears in the form of calcium and magnesium salts, which in general are called 
phytin. A large part of the phosphorus present in plants is stored in these compounds. In the steeping process 
the largest part of the phytic acid comes in the CSL It forms an undesirable component therein for the following 
reasons. 

Phytic acid in CSL deposits a sludge with proteins and metal ions. This has caused problems in concen- 
20 trating by evaporation, transporting and storing the CSL. 

When used as a nutrient in microbial fermentations, CSL is diluted and the pH is raised to 4-5. When this 
medium is sterilized the phytic acid forms a precipitate coating on the inner surface of the fermentor. This pre- 
cipitate is hard to scrub off afterwards and it also interferes with the purification of the fermentation end products. 
When CSL is used as animal feed the phytic acid present gives the following problems. Phytic acid, because 
25 it interacts with multivalent metal ions, interferes with the assimilation of various metals in the body of animals 
(and humans). This may lead to deficiency disorders. Phytic acid would also inhibit various enzymes in the body 
such as pepsin. Besides, the phosphate present in the phytic acid is not available for monogastrtc animals, 
because they only can digest phytic acid to a restricted extent. 

US patent specification 2,515,157 describes a process for the treatment of CSL to obtain an improved nut- 
30 rient for antibiotic fermentations. In this process the phytic acid is removed by adding an aluminium ions fur- 
nishing compound to the CSL at low pH, heating and separating the aluminium phytate formed. 

US patent specification 2,71 2,516 describes a similar process wherein phytate is precipitated as its calcium 
salt The processes described in these US patent specifications are performed after the steeping process. 
Therefore, an additional step is required for removing phytic acid. 
$5 Now it has been found that this additional step can be avoided by performing the steeping in the presence 
of an enzyme preparation comprising one or more phytin degrading enzymes. 

Accordingly this invention provides a process for steeping corn or sorghum kernels wherein said kernels 
are steeped in warm water containing sulfur dioxide at a temperature of from 20° to 60°C for from 12 to 4 8 
hours in the presence of an enzyme preparation comprising at least one phytin-degrading enzyme selected 
40 from a group consisting of phytases or acid phosphatases in an amount capable of substantially degrading the 
phytin in said kernels. 

The use of phytin degrading enzymes in the treatment of phytin containing solutions in order to reduce the 
phytin content of said solutions is known perse. For example, US-A-3,966,971 describes the treatment of cer- 
tain processed vegetable materials with acid phytase and acid protease. The starting material is at least partially 
45 ground material, e.g. soy flakes, ground soybean, cottonseed flour, but not corn or sorghum. Also, every pro- 
cess described in this reference includes a preliminary treatment of the vegetable material culminating in cen- 
trifugation. The solids are then resuspended in water and treated with phytase. In contrast, the present process 
comprises an enzyme treatment of com and sorghum kernels during steeping without prior complex chemical 
and/or physical treatment. 

so This invention provides in particular a process for processing corn or sorghum, which comprises the con- 
secutive steps of 

a) steeping corn or sorghum kernels in warm water containing sulfur dioxide in the presence of an enzyme 
preparation comprising one or more phytin degrading enzymes, 

b) separating the st epwater from the kernels and concentrating it, 
55 c) milling the kernels coarsely and separating and dewatering germs, 

d) fine-milling th k rnels, separating fibers from starch and prot in, and d watering the fiber fraction, and 

e) separating starch and protein from each oth r, concentrating the protein fraction and drying and/or con- 
verting the starch fraction. 
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Pr f rably the enzyme preparation comprises such an amount of one or more phytin degrading nzym s 
that the phytin present in th k rnels is substantially d graded. With th term "phytin" used herein the salts of 
phytic acid and also phytic acid itself are meant. 

Phytin degrading enzymes dephosphorylate inositol phosphates to yield inositol and orthophosphate. Phy- 
5 tin degrading enzymes include phytase and acid phosphatases. Phytase and acid phosphatases are produced 
by various microorganisms like Aspergillus spp ., Rhizopus spp, and yeasts (Appl. Microbiol 16 (1968) 1348- 
1357 ; Enzyme Microb. Technol. 5 (1983), 377-382) while phytase is also produced by v arious plant s eeds, as 
for example wheat, du rin g germinati on. Phytin degrading enzymes are very active at the low pH_oMhe s teep- 
water According to rnelfiods knowrTirTthe art enzyme preparations can be obtained fromtne abovTmentioned 
10 "Organisms. It is found that phytin in corn is degraded most efficiently with enzymes from Aspergillus spp. Thus, 
at the same enzyme dosage an Aspergillus niger enzyme preparation is more efficient than wheat phytase. 

Microbiaily produced enzyme preparations may comprise additional plant material degrading enzymes 
such as enzymes having cellulase, hemicellulase and/or pectinase activity. These other activities contribute 
to the advantages which are obtained by the process of the invention. Suitable enzyme preparations are for 
15 example enzymes of the Econase EP 43 series manufactured by Aiko Ltd. 

The temperature during the steeping process according to the invention is 20-60°C, and generally about 
50°C. The applied amount of enzyme preparation depends on the preparation used, the phytin contents of the 
corn kernels and the reaction conditions. The right dosage can easily be estimated by a person skilled in the 
art 

20 The process according to the invention offers, besides avoiding an additional step, various important 
advantages. First, by adding the enzyme preparation the steeping process is accelerated to such an extent 
that the steeping time may be reduced considerably. Since the steeping process is the longest step in total 
corn processing, a reduction thereof is of great economical importance. Thus the steeping process may be 
reduced to only 12 hours without any losses in the main product fraction yields. Preferably steeping time will 

25 be 12-18 hours, however, longer steeping times up to 48 hours are possible. 

Secondly, the separation processes after the steeping process according to the invention are improved 
and give higher yields. When steeping is performed for e.g. 16 hours in the presence of the enzyme preparation, 
the yield of starch is higher than in the case of the conventional steeping process. 

Thirdly, steeping corn in the presence of phytin degrading enzymes leads to corn steep liquor that does 

so not contain phytin. As a result concentration of CSL is easier and the product obtained is excellently suitable 
for animal feed and for microbial fermentations. 

The steeping time can yet be further reduced by performing the steeping process in two steps, first steeping 
for 4-1 0 hours, followed by milling the corn kernels and then further steeping the milled corn kernels for another 
3-6 hours. Preferably the second stage of this double stage steeping is carried out in water not containing sulfur 

35 dioxide. 

In the examples the process of the invention is carried out on laboratory scale by standard Pelshenke and 
Lindemann determination. As may be expected, the results obtained when carrying out the process industrially 
will be similar or even better due to improved separating techniques. 



40 Example t 

In a number of tests 50 g of corn kernels are steeped in water of 50°C containing 0.2% sulfur dioxide, in 
the presence or in the absence of an amount of Econase EP 434. This enzyme preparation has as major activi- 
ties phytin and cellulose degrading activities and as minor activities hemicellulase and pectinase. The steeping 
45 times of the tests vary of from 12 to 48 hours, as shown in table A. N 

rThe enzyme dosages are presented as Phytin degrading units/g of com. One phytin degrading unit (1 PU) / 
is the amount of enzyme which liberates 1 nmol of inorganic phosphorus from sodium phytate per minute under 
standard conditions (40°C, pH 5,5). The kernels after steeping are processed further to obtain the product frad^ 
tions mentioned in Table B. 

50 
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It appears from Table B that the starch yi Id after 16 or 48 hours of single stage steeping in the pres nee 
of th enzyme preparation is higher than in the case of conventional steeping without enzym preparation, and 
after 12 hours of steeping in the presence of the enzyme preparation the starch yield is almost as high as in 
the case of conventional steeping without enzyme preparation. 

5 

Example II 

50 g of corn kernels are presteeped in water of 50°C containing 0.2% sulfur dioxide and Econase BP 434 
providing 135 PU/g of corn for 6 hours. Following manual degermination the product is milled coarsely. Then 
10 the germs are added back to the slurry. Thereafter the second stage of the steeping is carried out in fresh water 
of 50°C containing Econase EP 434 providing 1 35 PU/g of corn for 4 hours. The suspension obtained is pro- 
cessed further to obtain the product fractions mentioned in Table C. 



15 



table c 



20 Yield in X of drv ueight 

dry substance in CSL 2.19 

germs 8.80 

25 

fibers (starch content) 9.64 (20.99) 

starch (protein content) 65.53 (0.37) 

3o gluten (protein content) 6.8 (56. 74) 

dry substance in supernatant 5.45 

starch recovery 96.5 

55 total dry substance recovery 98.41 
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46 



Note: In this test it is necessary to degerminate before milling because the 
mill used would damage the germ. When the double stage steeping is 
carried out industrially a mill would be used which will not damage Che 
germ. Degermination is not necessary then. 



Example III 

60 

CSL is diluted 1 : 10 and the pH is adjusted to 5.0. Com flour is diluted 1 : 10 with 0.2 M citrate buffer pH 
5.0. Sodium azide is added at a concentration of 0.02% to inhibit microbial growth. Aspergillus spp. enzyme 
preparation containing phytin degrading activity or wheat phytase (Sigma P-1 259) is added at a dosage of 7000 
PU/gram of phytin (300 PU per ach ml of CSL dilution and 150 PU per each 2 grams of com flour). 
55 Suspensions are incubated in a shaker (250 rpm) at 50°C. At fixed intervals the reaction is stopp d with 
equal volume of 6% (w/v) h^O*. Phytate is extracted to the acidic liquid for 30 min. at room temperature. Phytic 
acid is then precipitated from a clear supernatant with ferric chloride. Ferric ions are removed by precipitation 
with sodium hydroxide. Phytate is determined by HPLC using sodium phytate as a standard. 
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Table D shows the residual phytin content of CSL and corn flour after incubation with phytin degrading 
enzymes. In experiment a) incubation is carried out with Aspergillus spp. enzyme preparation, and in exper- 
iment b) incubation is carried out with wheat phytase. 

5 



TABLE D 

10 ' 



Comparing Aspergillus spp . enzyme preparation and wheat phytase. 

15 



Substrate 



30 



Incubation 


Phytin 


(as phytic acid) 






tine <h) 




exp. a) 


exp. b) 






trig/ml 


% 


Dig /ml 


X 


0 


3a 


100 


3.4 


too 


2 


2.7 


87 


2.4 


71 


4 


L4 


45 


1.9 


56 


10 


1.0 


32 


2.0 


59 


24 


0 


0 


1.4 


41 



corn flour 

35 



0 


13.6 


100 


LI. 4 


100 


2 


9.1 


67 


9*1 


80 


4 


0 


0 


7.9 


69 


10 


0 


0 


6.B 


60 


24 


0 


0 


2.3 


20 
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Table D shows that phytic acid content can be reduced considerably with both phytin degrading enzymes. 
At the same enzyme dosage Aspergillus spp. enzyme preparation is more efficient than wheat phytase. 

Example IV 

50 

25 g of com kernels are steeped in 50 ml water of 50°C containing 0.2% sulfur dioxide. In the control no 
enzyme preparation is added and in the test according to the invention an Aspergillus spp. enzyme preparation 
is added at a dosage of 135 PU/g com. Steeping time is 24 hours or 48 hours. 

After steeping an amount of CSL is extracted for 30 min. with an equal volume of 6% (w/v) H 3 S0 4 at room 
55 temperature. Phytic acid is precipitated from a cl ar supernatant with ferric chloride. Ferric ions are removed 
by precipitation with sodium hydroxid . Phytat is detenmin d by HPLC using sodium phytate as a standard. 

Tabl E shows th amount of phytic acid in CSL. Experim nt a) compris s conv ntional ste ping without 
phytin d grading nzymes and experiment b) comprises ste ping in the presence of the above nzyme prep- 
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aration. 



TABLE E 



5 



Phytin content of CSL 



steeping time (h) 



mg phytic acid / ml CSL 



10 



exp. a) 



exp. b ) 



24 



1.6 



0 



15 



48 



0 



Table E shows that when corn kernels are steeped in the presence of phytin degrading enzymes CSL is 
20 free from phytin. 

Example V 

Econase EP 434 and a plant cell wall degrading enzyme preparation with negligible phytin degrading 

25 activity are tested in one-step and in two-step steeping. 

In one-step steeping 50 g of corn kernels are steeped in water of 50°C containing 0.2% sulfur dioxide. The 
dosage of Econase EP 434 is 1 35 PU/g corn. Equal volume of the plant cell wall degrading enzyme preparation 
with negligible phytin degrading activity is applied. Steeping time is 20 hours. The kernels are processed further 
according to Pelshenke and Lindemann method. 

30 In two-step steeping 50 g of corn kernels are pre-steeped for 6 hours in water of 50°C containing 0,2% 
sulfur dioxide and Econase EP 434 providing 135 PU/g corn or an equal volume of plant cell wall degrading 
enzyme preparation with negligible phytin degrading activity. Following manual degermination the product is 
milled coarsely. Then the germs are added back to the slurry. Thereafter the second stage of the steeping is 
carried out for 4 hours in fresh water of 50°C containing Econase EP 434 providing 1 35 PU/g corn or an equal 

35 volume of plant cell wall degrading enzyme preparation with negligible phytin degrading activity. The slurry is 
further processed according to Pelshenke and Lindemann method. 
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TABLE F 

Starch recoveries with different enzyme preparations. 

1 . Econase EP 434 

2. plant cell wall degrading enzyme preparation with negligible 
phytin degrading activity. 



Steeping process Steeping time enzyme starch recovery 

h Z 



One-step 



20 L 97 -° 

20 2 94.4 



25 Two-seep 6 + 4 I 96 * 5 

6 + 4 2 91.4 



30 



It appears from Table F that the starch yield is higher when the kernels are treated with an enzyme prep- 
aration containing phytin degrading activity. 

35 

Claims 

1. A process for steeping com or sorghum kernels wherein said kernels are steeped in warm water con- 
40 taining sulfur dioxide at a temperature of from 20° to 60°C for from 12 to 48 hours in the presence of an enzyme 

preparation comprising at least one phytin-degrading enzyme selected from a group consisting of phytases or 
acid phosphatases in an amount capable of substantially degrading the phytin in said kernels. 

2. A process according to claim 1, characterized in that the enzyme preparation additionally comprises 
other plant material degrading enzymes. 

45 3. A process according to claim 2 r characterized In that the plant material degrading enzymes possess 
cellulase, hemi-cellulase and/or pectin as e activity. 

4. A process according-to'any one of daims^i-3L characterized in that the phytin degrading enzyme pre- 
paration is obtained from wheat or Aspergillus spp. or from other plant or microbial sources. 

5. A process accoraTngto any one of claims l-4^characterized in that the kernels are steeped from 12-18 
50 hours. 

6. A process for processing com or sorghum, which comprises the consecutive steps of 

a) steeping com or sorghum kernels in warm water containing sulfur dioxide, 

b) separating the steep water from the kernels and concentrating it, 

c) milling th k rn Is c arsely and separating and dewatering germs, 

55 d) fine-milling the kernels, separating fibers from starch and protein, and dewatering the fiber fraction, and 
e) separating starch and protein from each other, concentrating the protein fraction and drying and/or con- 
verting th starch fraction, characterized in that th steeping in step a) is performed according to on of 
claims 1-5. 
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7. A process according to claims 1-6, charact raed in that the steeping is performed in two steps, first 
steeping for 4-1 0 hours followed by milling the kern Is and then further steeping the milled kernels for anoth r 
3-6 hours. 

3. A process according to claim 7, characterized in that the second stage of the steeping is carried out 
5 in water not containing sulfur dioxide. 



Patentanspruche 

10 1. Verfahren zum Einweichen von Mais- oder Sorghum-Kfimern, bei dem die KSrner in schwefeldioxyd- 

haitigem warmem Wasser bei einer Temperatur von 20° bis 60°C wan rend 12 bis 48 Stunden in Gegenwart 
eines Enzympraparates eingeweicht werden, das wenigstens ein Phytin abbauendes Enzym aus der Gruppe 
der Phytasen oder Saurephosphatasen in einer Menge, die zu einem wesentlichen Abbau des Phytins in den 
KSrnern in der alge ist, umfaftt. 

15 2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daft das Enzympraparat aufterdem andere 
Pflanzenmaterial abbauende Enzyme umfa&t 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dafidie Pflanzenmaterial abbauenden Enzyme 
Ceilulase-, Hamicellulase- und/oder Pektinaseaktrvitat besttzen. 

4. Verfahren nach einem der Anspruch e 1 bis 3, dadurch gekennzeichnet, dak das Phytin abbauende 
20 Enzympraparat aus Weizen oder Aspergillus spp. oder aus anderen pflanzlichen oder mikrobiellen Queflen 

erhalten wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, da& die Kdmer 12 bis 18 Stun- 
den eingeweicht werden. 

6. Verfahren zur Bearbeitung von Mais oder Sorghum mit den aufeinanderfolgenden Stufen, in denen man 
25 a) Mais- oder Sorghum-Korner in schwefeldioxydhaltigem warmem Wasser einweicht, 

b) das Einweichwasser von den KSrnern abtrennt und konzentriert, 

c) die KSrner grob mahit und Keime abtrennt und entwassert 

d) die K6mer fein mahit, Fasern von StSrke und Protein abtrennt und die Faserfraktion entwassert und 

e) Starke und Protein voneinander trennt, die Proteinfraktion konzentriert und die Starkefraktion trocknet 
30 und/oder umwandeit, dadurch gekennzeichnet dad das Einweichen in der Stufe a) nach einem der 

Anspruche 1 bis 5 durchgefuhrt wird. 

7. Verfahren nach den Anspruchen 1 bis 6 f dadurch gekennzeichnet daft das Einweichen in zwei Stufen 
erfolgt, wobei man zunachst 4 bis 10 stunden einweicht dann die Korner mahit und dann die gemahlenen Kor- 
ner weitere 3 bis 6 Stunden einweicht. 

35 8. Verfahren nach Anspruch 7, dadurch gekennzeichnet dali die zweite Stufe des Einweichens in Wasser 
durchgefuhrt wird, das kein Schwefeldioxyd enthalt 



Revendications 

40 

1. Procede de trempage de grains de mai's ou de sorgho, dans lequel on fait tremper les grains dans de 
I'eau chaude contenant du bioxyde de soufre, a une temperature de 20° a 60°C, pendant 12 a 48 h en presence 
d'une preparation d'enzyme(s) comprenant au moins une enzyme capable de degrader de la phytine et qui est 
choisie dans un ensemble consistant en des phytases ou en des phosphatases acides, enzyme(s) presente(s) 

45 en une quantite capable de degrader essentiellement la phytine de ces grains. 

2. ProcedS selon la revendication 1, caracterise en ce que la preparation d'enzyme(s) comprend en outre 
d'autres enzymes capables de degrader de la matiere veg^tale. 

3. Procede seton la revendication 2, caracterise en ce que les enzymes capables de degrader la matiere 
v£getale poss&dent une activite de ceilulase, d'hemt-cellulase et/ou de pectinase. 

so 4. Procede selon Tune quelconque des revendications 1 a 3, caracterise en ce que Ton obtient la prepa- 
ration des enzymes capables de degrader la phytine, a partir du ble ou de Aspergillus spp ou a partir d'autres 
sources vegetates ou microbiennes. 

5. Proceed selon Tune quelconque des revendications 1 a 4, caracterise en ce qu'on fait tremper les grains 
durant12a 18 h. 

55 6. Procede pour traiter du mais ou du sorgho, qui comprend les stapes cons6cutiv s consistant a ; 

(a) faire tremper des grains de mais ou de sorgho dans de I'eau chaude cont nant du bioxyde de soufre ; 

(b) separer I'eau de trempage d'avec les grains et concentrer cette eau ; 

(c) broy r grossierement les grains, et separer I s germes et en enlever I'eau ; 
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(d) m udrefin mentles grains, separerles fibres d I'amidon etde la proline, ten lever I' aude la fraction 
des fibres, et 

(e) s6parer I'amidon et les prolines Tun de ('autre, concentrer la fraction des prolines et la s6cher etfou 
convertir la fraction d'amidon, proc6de caracteris6 en ce qu'on effectue le trempage, a I'etape (a) t en ope- 
rant selon Tune des revendications 1 a 5. 

7. Proced6 selon les revendications 1 a 6, caracteris6 en ce qu'on effectue le trempage en deux etapes, 
en effectuant tout d'abord un trempage durant 4 a 10 h puis en soumettant les grains a mouture et en faisant 
encore tremper durant 3 a 6 h suppl6mentaires les grains moulus. 

8. Proced6 selon la revendication 7, caract^rise en ce qu'on effectue la seconde 6 tape du trempage dans 
de I'eau ne contenant pas de bloxyde de soufre. 
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